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Abstract Sagittal imbalance is a significant factor in
determining clinical treatment outcomes in patients with
deformity. Measurement of sagittal alignment using the
traditional Cobb technique is frequently hampered by dif-
ficulty in visualizing landmarks. This report compares
traditional manual measurement techniques to a computer-
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assisted sagittal plane measurement program which uses a
radius arc methodology. The intra and inter-observer reli-
ability of the computer program has been shown to be
0.92-0.99. Twenty-nine lateral 90 cm radiographs were
measured by a computer program for an array of sagittal
plane measurements. Ten experienced orthopedic spine
surgeons manually measured the same parameters twice, at
least 48 h apart, using a digital caliper and a standardized
radiographic manual. Intraclass correlations were used to
determine intra- and interobserver reliability between dif-
ferent manual measures and between manual measures and
computer assisted-measures. The inter-observer reliability
between manual measures was poor, ranging from —0.02 to
0.64 for the different sagittal measures. The intra-observer
reliability in manual measures was better ranging from 0.40
to 0.93. Comparing manual to computer-assisted measures,
the ICC ranged from 0.07 to 0.75. Surgeons agreed more
often with each other than with the machine when mea-
suring the lumbar curve, the thoracic curve, and the spino-
sacral angle. The reliability of the computer program is
significantly higher for all measures except for lumbar
lordosis. A computer-assisted program produces a reliable
measurement of the sagittal profile of the spine by elimi-
nating the need for distinctly visible endplates. The use of a
radial arc methodology allows for infinite data points to be
used along the spine to determine sagittal measurements.
The integration of this technique with digital radiography’s
ability to adjust image contrast and brightness will enable
the superior identification of key anatomical parameters
normally not available for measurement on traditional

radiographs, improving the consistency of sagittal
measurement.
Keywords Sagittal spine alignment - Reliability -

Computer measures
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Introduction

The importance of sagittal spino-pelvic alignment has
gained renewed attention with recent studies demonstrating
that proper sagittal plane balance is critical to long term
patient satisfaction [6]. Previous studies described the
pelvic radius technique to determine pelvic orientation,
focusing on understanding the relationship of global sag-
ittal alignment to the orientation of the pelvis, as the entire
balance of the spine is dependent on its geometric config-
uration [7-10]. More recent studies employ a sagittal
measurement computer program using a method for cal-
culating the best-fit arcs passing through the spine which
are used to calculate thoracic kyphosis and lumbar lordosis,
thus eliminating the need for distinctly visualized endplates
resulting in significantly improved reproducibility in the
measurement of various spinal sagittal and pelvic plane
parameters [1, 5]. A validation study comparing the Cobb
measurement technique to the best-fit arcs methodology
demonstrated that both techniques exhibit similar reliabil-
ity and accuracy [2, 3]. Additional studies using the
computerized best-fit arcs technique have established nor-
mal human sagittal plane alignment patterns and identified
pathological variations by combining geometric pelvic
measurements with various sagittal spinal alignment
parameters [14, 18, 22].

The difficulty of reliably measuring anterior—posterior
(AP) scoliosis radiographs by experienced spinal surgeons
using the manual Cobb technique for the classification of
scoliosis has already been established [3, 4, 17, 20].
Recently, a computerized digital measurement technique
for scoliosis demonstrated improved precision and good
correlation with manually measured radiographs validating
this methodology for the measurement of the spine in the
coronal plane [12]. Similarly, the accuracy and reliability
in the measurement of the spine in the sagittal plane is
often more difficult due to variable measurement criteria,
manual measurement errors, and difficulty visualizing
measurement landmarks. The purpose of this study was to
compare intra-observer and inter-observer reliability of
experienced spinal surgeons in manually measuring various
sagittal plane parameters to the best-fit arcs computer-aided
measurement system to determine which technique is most
reproducible.

Materials and methods

Twenty-nine 30 x 90 cm lateral radiographs of the spine
and pelvis from a cohort of 160 asymptomatic young adult
volunteers from a previous study [1] were randomly
selected. These conventional standing lateral X-rays of the
spine, pelvis, and femoral heads were obtained at a fixed
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distance of 228 cm from the X-ray source with the subject
in a comfortable standing position, the knees fully exten-
ded, and the upper limbs resting on two arm supports. The
hardcopy films were then independently reviewed by ten
experienced spinal surgeons at five medical centers.
Fourteen sagittal plane measurements were determined
manually with a digital caliper on unmarked films on two
occasions, at least 48 h apart. The measurements were the
following:

Pelvic incidence Angle subtended by a line which is
drawn from the center of the femoral head to the
midpoint of the sacral endplate and a line perpendicular
to the sacral endplate [16].

Sacral slope The angle subtended by a horizontal
reference line and the sacral endplate line.

Pelvic tilt The angle subtended by a vertical reference
line originating from the center of the femoral head and
the midpoint of the sacral endplate.

Lumbar lordosis, thoracic kyphosis, cervical lordosis
Measured using the Cobb technique.

LA4/LS incidence Angle subtended by a line which is
drawn from the center of the femoral head to the
midpoint of the superior endplate of L4 (L5) and a line
perpendicular to the superior endplate of L4 (L5).
L4-L5 angle/L5-S1 angle Angle formed by a line
through the superior endplate of the vertebral body (L4
or L5) and the superior endplate of the next distal
vertebral body (L5 or S1).

L4 or L5 pinch Angle formed by a line through the
superior endplate of the vertebral body and the inferior
endplate of the same vertebral body.

Spino-sacral angle Angle formed by a line through the
sacral endplate and the vertical line drawn parallel to the
radiograph edge from the C7 centroid.

Grade Quantifies the forward translation of L5 with
respect to the sacral endplate. Grade I defines a slip
between 0 and 25% of the linear distance of the sacral
endplate while Grades 2, 3, and 4 represent translations
of L5 up to 50, 75, and 100%, respectively. When LS5 is
completely anterior and distal to the S1 endplate, it is
Grade 5 [19].

These manual measurements were compared to those
obtained from a computer-aided radiologic measurement
methodology which utilized customized sagittal profile
software (SagittalSpine®, Optimage, Group of Applied
Research in Orthopedics, Lyon, France). This program
allows the user to measure various data points on the
radiograph, manipulating image contrast and size [1]. Two
sets of data points are necessary to generate the geometric
model of the spine and pelvis. The first set consists of five
anterior spinal vertebrae surface anatomic landmarks; one
at the L5 inferior endplate (P1), one at the apex of the
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Fig. 1 Example illustrating the generation of a geometrical model of
the spine and pelvis from a standard marked and digitised radiograph.
a Spine anatomical landmarks and method of calculating TK and LL:
each of the curves is described by two arcs, LL by arcs of circles 1
and 2, and TK by arcs of circles 3 and 4. For each arc, the following
are specified: the radius R (in mm) divided by the distance (d, in mm)
measured from the pelvis; the angle 6 (in degrees) subtended by the
arc; and the number of vertebrae (n) included by the arc of the circle.
The ratio 6/n represents the mean curvature of each arc. To simplify

lumbar lordosis (P2), one at the thoracolumbar junction
(P3), one point at the apex of the thoracic kyphosis (P4),
and one at the top of the thoracic kyphosis (P5) (Fig. 1).
The program determines the best fit arcs that pass through
these five points and displays the sagittal contour of the
spine along with the calculation of the thoracic kyphosis
and lumbar lordosis. The thoracic kyphosis and lumbar
lordosis is calculated via two arcs of circles tangent to the
apex of the curve and are the sum of the kyphosis
and lordosis, respectively, above and below the apex.

Orc, Nk |

k-

LL

O, ML

interpretation, both arcs are taken together to represent lordosis (arcs
1 and 2) and kyphosis (arcs 3 and 4). Thus, the resultant angle (Ot
and 0pp), the number of vertebrac (ntx and ny;) involved in the
curved region and the corresponding curvature (Otx/ntk and 0yy/ny 1)
can all be derived. The vertebrae marking the extremes of the lordosis
and kyphosis segments are marked and the linear segment between
the two curved segments is drawn. b Pelvic anatomical landmarks and
method for calculating PI, SS, PT and d

Additional radiographic data points placed on the pelvis
allow calculation of the various other parameters measured
in the study, including sacral slope, pelvic incidence, and
pelvic tilt. The baseline sagittal measurement data from a
previous study using the same computer program and the
same films were used in this study for comparison to the
manual measurements.

Inter-rater and intra-rater reliability between manual
measures, reliability of computer-aided measures and inter-
rater variability between manual and computer-aided
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measures were analyzed using Kappa statistics for cate-
gorical variables (determination of end vertebrae),
Pearson’s correlation coefficients and intra-class correla-
tions for continuous variables (angular measures). A two-
tailed test of significant differences between reliability
coefficients between manual measures and computer-aided
measures was done using Fisher’s Z transformation on the
correlation coefficients and calculating a z-score for the
difference in the Fisher’s Z values.

Results

There was poor to slight agreement [15] between manual
measures in determining the end-vertebrae for lumbar
lordosis, thoracic kyphosis and cervical lordosis, with
kappa values ranging from —0.01 to 0.11. However, there
was fair to moderate intra-rater reliability among manual
measures in determining end vertebrae with kappa coeffi-
cients ranging from 0.47 to 0.72 (Table 1). There was poor
agreement between the manual measures and computer-
aided measures in determining end-vertebrae with kappa
values ranging from 0.00 to 0.20 (Table 2).

The intra-rater reliability for the manual measures of
sagittal plane parameters varied from a low ICC of 0.40
(0.29-0.49) for determining the L4-L5 angle to a high of
0.93 (0.91-0.95) for determining the L4 incidence. The
inter-rater reliability for the manual measures also varied
from a low ICC of —0.02 (—0.04 to 0.03) for the L4
incidence to a high of 0.64 (0.61-0.67) for the sacral slope
(Table 3). The intra-rater reliability using Pearson’s coef-
ficient showed the same variability for the manual
measures of sagittal plane parameters with a low of 0.34
for determining the L4-L5 angle to a high of 0.94 for
determining the L4 incidence. The inter-rater reliability for
the manual measures also varied from a low Pearson’s
coefficient of —0.08 for the L4 incidence to a high of 0.71
for the sacral slope (Table 3).

Table 1 Kappa coefficients for inter- and intra-observer reliability in
determining end vertebrae among manual measures

Inter-rater reliability Intra-rater reliability

Y% Agreement  Kappa  %Agreement  Kappa
LEV lumbar 39.20 —0.03 84.10 0.72
UEV lumbar 34.50 0.11 63.60 0.52
LEV thoracic 33.90 0.04  62.90 0.47
UEV thoracic  22.30 0.00 62.50 0.49
LEV cervical 29.00 —0.01 63.30 0.48
UEV cervical 19.30 0.00  78.40 0.72

LEV lower end vertebrae; UEV upper end vertebrae
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Table 2 Kappa coefficients for inter-observer reliability in deter-
mining end vertebrae between manual measures and computer-aided
measures

Parameters 9% Agreement Kappa
LEV lumbar N/A N/A
UEV lumbar 38.10 0.20
LEV thoracic 32.30 0.08
UEV thoracic 31.90 0.03
LEV cervical 15.30 0.00
LEV thoracic 19.70 0.04

Computer-aided measures always use S1 endplate

LEV lower end vertebrae; UEV upper end vertebrae

These values were compared to measures of reliability of
computer-aided measurements from a previously published
[1] study using the same computer measurement software
that measured the same sagittal plane measurements using
the same patients, and which showed very good to almost
perfect agreement with ICC’s ranging between 0.88 and
0.99 (Table 4). Pearson’s coefficients comparing computer-
aided measures to each surgeon’s manual measures showed
a low coefficient of 0.10 for the L4 incidence compared to
0.72 for the sacral slope (Table 5).

The test of significant differences between reliability
coefficients showed that the reliability of computer-aided
measures was significantly higher in all parameters except
for lumbar lordosis where the difference between the
manual measures and the computer-aided measures was
not significantly different (Table 6).

Discussion

The evaluation of the global spino-pelvic alignment using a
reliable method is a significant challenge, especially in the
sagittal plane where the technique of manually measuring
the spine and pelvis has changed little over the past
50 years. The traditional Cobb measurement technique has
been hampered by a variety of limitations including poor
visualization of pertinent anatomical landmarks due to
differing anatomic X-ray absorption gradients and the lack
of the consistent use of high-quality lateral 90 cm radio-
graphs of the spine and pelvis to determine the global
sagittal balance. Current techniques tend to concentrate on
isolated measurement of thoracic kyphosis and lumbar
lordosis as separate anatomic structures, ignoring the role
of the pelvis in overall sagittal alignment. This highlights
the need for a consistent method of sagittal plane radio-
graphic measurement other than the traditional manual
method and the critical need for full length 90 cm radio-
graphs for all sagittal plane deformities. Regardless of
whether or not the pathology is a fracture, infection,
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Table 3 Intra- and Inter-rater reliability of manual measures

Parameters

Inter-rater reliability

Intra-rater reliability

Intra-class correlations

Pearson’s coefficient

Intra-class correlations Pearson’s coefficient

Pelvic incidence 0.41 (0.36-0.45) 0.29 0.69 (0.62-0.74) 0.65
Sacral slope 0.64 (0.61-0.67) 0.61 0.77 (0.72-0.81) 0.71
Pelvic tilt 0.42 (0.37-0.46) 0.44 0.60 (0.53-0.67) 0.55
Lumbar curve 0.57 (0.52-0.59) 0.54 0.90 (0.87-0.92) 0.88
Thoracic curve 0.54 (0.50-0.57) 0.46 0.80 (0.76-0.84) 0.74
Cervical curve 0.12 (0.06-0.17) 0.56 0.89 (0.86-0.91) 0.84
L5 incidence 0.12 (0.07-0.18) 0.04 0.79 (0.74-0.83) 0.88
L5-S1 angle 0.39 (0.35-0.44) 0.51 0.75 (0.70-0.80) 0.69
Pinch or angle body L5 0.49 (0.45-0.53) 0.47 0.69 (0.62-0.74) 0.62
L4 incidence —0.02 (—0.04-0.03) —0.08 0.93 (0.91-0.95) 0.94
L4-L5 Angle 0.07 (0.02-0.12) 0.14 0.40 (0.29-0.49) 0.34
Pinch or angle body L4 0.45 (0.40-0.49) 0.48 0.64 (0.57-0.71) 0.52
Spino-sacral angle 0.12 (0.04-0.19) 0.29 0.90 (0.87-0.92) 0.90
Grade 0.26 (0.17-0.34) 0.79 (0.73-0.84)

Table 4 Intra-class correlations for computer-aided measures used Table 6 Test of significant differences between reliability

by permission of authors, Berthonnaud et al.

coefficients

Parameters

Inter-rater ICC

Intra-rater ICC

Pelvic incidence
Sacral slope
Pelvic tilt
Lumbar curve

Thoracic curve

0.98 (0.98-0.99)
0.98 (0.97-0.99)
0.99 (0.99-1.00)
0.97 (0.96-0.99)
0.91 (0.86-0.95)

0.99 (0.98-0.99)
0.99 (0.98-0.99)
0.99 (0.99-1.00)
0.88 (0.64-0.95)
0.94 (0.90-0.97)

Table 5 Pearson correlation coefficients for computer-aided mea-
sures compared to each surgeon’s manual measures

Parameters

Pearson’s coefficient

Pelvic incidence

Sacral slope

Pelvic tilt

Lumbar curve

Thoracic curve
Cervical curve

LS5 incidence

L5-S1 angle

Pinch or angle body L5
L4 incidence

L4-L5 angle

Pinch or angle body L4
Spino-sacral angle

0.59
0.72

0.63

0.68
0.59
0.64

0.25

0.66
0.58
0.10
0.30
0.57
0.26

structural kyphosis or a high grade spondylolisthesis, the
restoration of reasonable sagittal balance is paramount to
the long term surgical success and patient satisfaction.

Parameters Inter-rater comparison

P (two-tailed)

Intra-rater comparison
P (two-tailed)

Pelvic incidence ~ <0.0001 <0.0001
Sacral slope <0.0001 <0.0001
Pelvic tilt <0.0001 <0.0001
Lumbar curve <0.0001 0.51062
Thoracic curve <0.0001 <0.0001

The importance of maintaining proper spino-pelvic
alignment cannot be overstated. The inevitable loss of
lumbar lordosis with aging depends on the compensatory
ability of the pelvis and hips to maintain acceptable sagittal
alignment [1, 2, 5, 7-11, 14, 18, 21, 22, 23]. Unlike coronal
plane deformities (i.e., scoliosis) where the width of the
pelvis allows for more potential deformity and resultant
compensatory balance, the narrow anterior—posterior depth
of the pelvis restricts the amount of compensation available
to correct sagittal imbalance. Although the geometry of the
pelvis is fixed by adulthood [2], the pelvis does allow for
significant sagittal compensation by increasing the retro-
version of pelvis (pelvic tilt) along with the extension of the
hips and flexion of the knees in an attempt to move the
sagittal balance line of weight bearing toward the center of
the sacrum. This ability of the pelvis and hips to compensate
for spinal sagittal imbalance is variable, with certain indi-
viduals being better able to maintain their sagittal balance as
the typical increase in thoracic kyphosis and decrease in
lumbar lordosis develops with advancing age. Once all the
available pelvic compensation is reached, the forward
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angulation of the spine in the sagittal plane results in the
spine overhanging the zone of spinal balance contained
within the pelvic brim allowing for the translation of the C7
plumb and gravity line anterior to the sacrum. The impor-
tance maintaining appropriate sagittal spino-pelvic balance
can best be demonstrated from the adult deformity patient’s
perspective. Patients with significant sagittal imbalance had
poor two-year health-related quality of life measures [6].

Jackson et al. have provided key insight into sagittal
spino-pelvic balance and alignment by establishing that
lumbear lordosis is dependent on pelvic morphology and that
total sagittal spinal alignment must include the a compre-
hensive evaluation of both [8, 9]. Specifically, the authors
described the reliability of the pelvic radius technique and
its importance in evaluating the contribution of the pelvis’s
fixed morphology relationship to total sagittal profile, par-
ticularly lumbar lordosis [7, 10]. The authors manually
measured 90 cm lateral radiographs from a wide variety of
normal and pathological subjects to determine lumbar lor-
dosis, thoracic kyphosis and pelvic morphology, specifically
the pelvic radius-sacral line (PRS1 angle). The pelvic radius
technique measures the relationship of the femoral heads to
the position of the sacrum. They found that the PRS1 angle
remains fixed and strongly correlates with the total lumbo-
sacral lordosis with individuals with a larger than average
angle having less total lordosis while those with a smaller
angle have more lordosis. They concluded that lordosis is
specifically dependent on the fixed pelvic morphology and
its contribution to the global sagittal alignment and that the
manually measured pelvic radius technique is a reliable and
valuable tool to assess the overall sagittal spino-pelvic
alignment. Finally, the authors clearly established the need
for 90 cm radiographs (including the hips) and the difficulty
in manually measuring the radiographs with various
parameters due to lack of clarity. Difficulty in visualization
was specifically noted in identifying the center of the C7
vertebrae, which was necessary to establish the weight
bearing plumb line; the upper thoracic spine due to the
shoulders, and the top of the sacrum which was often
obscured by the pelvis or previous instrumentation.

With the advent of digital radiography there has been
the concurrent development of computer based radio-
graphic spinal measurement technology to more accurately
measure the global spino-pelvic alignment. Recently, dig-
ital computer measurement has been shown to have
excellent intra- and inter-observer reliability and correlated
well with manual measurements for most parameters of
adolescent idiopathic scoliosis in the coronal plane [12].
Although the authors concluded that digital measurement is
more accurate with preoperative and coronal measurements
than with postoperative and sagittal measurements, they
still felt that digital computer measurement is a valid
technique [12]. The authors stressed that as digital
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radiography use becomes more frequent, the use of the
digital measurement techniques will become increasing
more common [12]. The parallel development of a digital
radiographic computer technique for the measurement of
spino-pelvic alignment has also been studied for its intra-
and inter-observer variability, accuracy and reproducibility
when compared to manually measured radiographs using
the Cobb technique [1]. The technique measures digitized
radiographs using the arcs of circle geometric methodology
to measure the normal sagittal contours following the
assignment of relevant data points on the spine. The pro-
gram also allows for the measurement of key fixed pelvic
parameters including sacral slope (SS), pelvic incidence
(PI), and pelvic tilt (PT) that have previously been
described by Duval-Beaupere [5]. The authors showed high
reproducibility of measurements obtained with digitized
sagittal computer-aided measurement. The computer mea-
surement values of the spino-pelvic axis established in this
study were used for comparison to the manually measured
spino-pelvic parameters in the current study [1]. Recent
studies have further validated the superior accuracy,
reproducibility and versatility of this computer methodol-
ogy in the measurement of the sagittal spino-pelvic axis in
various pathological conditions including spondylolisthesis
and degenerative conditions [11, 13, 14, 21, 23, 24].

Studies of this nature by default may tend to have a built
in bias toward more reproducible results since the individ-
uals measuring the radiographs, digitizing the radiographs,
and using the computer program to measure them inevitably
have had extensive experience in the technique. Therefore,
even though these carefully controlled computer studies
have demonstrated superb reliability in measuring the sag-
ittal plane, there is still a significant need to evaluate how
other spine specialist’s manual measurements compare to
each other and to this technique.

The results of this study highlights the fact that even
experienced spine specialists have significant difficulty in
reliably and reproducibly measuring traditional 90 cm sag-
ittal radiographs in the sagittal plane. This difficulty arises
primarily due to the inability to identify strategic anatomic
parameters on the radiographs and the latitude the Cobb
measurement technique allows the measurer in the identi-
fication and marking of the endplates when determining
thoracic kyphosis and lumbar lordosis. The surgeons’ intra-
observer ICC generally demonstrated moderate to good
reliability. However, all of the manual measures when
compared to the near perfect computer-aided measure ICC
results are found to be significantly inferior. The interob-
server comparison of the surgeon results showed only fair
ICC, pointing out how poorly the measurers were able to
reproduce each other’s results. Again, these results when
compared to the inter-observer reliability of the computer-
aided method are poor. Finally, comparing the surgeon’s
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measurements to the computer-aided method showed poor
correlation, with lumbar lordosis being the only parameter
that showed good reliability. These results indicate that a
computer-aided technique such as the one used in this study
simply reduces the human measurement error by first clar-
ifying the anatomical landmarks available for measurement
due to the ability to adjust the contrast with digital radiog-
raphy, and second, the computer program’s automatic and
precise calculation of all measurement parameters.

Conclusion

This study highlights the inconsistency of the manual
measurement of the sagittal plane, even among experienced
spinal surgeons. The computer-assisted program used in
this study produced reliable measurements of the sagittal-
pelvic plane by eliminating the need for distinctly visible
endplates by the use of best-fit arcs passing through the
spine. This allows for the measurement of numerous data
points along the spine while at the same time minimizing
human measurement error. The integration of such tech-
niques with digital radiography’s ability to adjust image
contrast and brightness enabled the superior identification
of key anatomical parameters normally not available for
measurement on traditional radiographs. The integration of
this computer methodology appears to improve the clini-
cian’s ability to accurately and reliably measure the sagittal-
pelvic plane when compared to manual measurement.

Acknowledgments
Group.

Study Support from the Spinal Deformity Study

References

1. Berthonnaud E, Dimnet J, Roussouly P, Labelle (2005) Analysis
of the sagittal balance of the spine and pelvis using shape and
orientation parameters. J Spinal Disord Tech 18(1):40-47

2. Berthonnaud E, Labelle H, Roussouly P, Grimard G, Vaz G,
Dimnet J (2005) A variability study of computerized sagittal
spinopelvic radiologic measurements of trunk balance. J Spinal
Disord Tech 18(1):66-71

3. Cobb JR (1948) Outline for the study of scoliosis. Am Acad
Orthop Surg 7:261-275

4. De Carvalho A, Vialle R, Thomsen L, Amzallag J, Cluzel G,
Pointe HD et al (2007) Reliability analysis for manual mea-
surement of coronal plane deformity in adolescent scoliosis. Are
30 x 90 cm plain films better than digitized small films? Eur
Spine J 16(10):1615-1620

5. Duval-Beaupere G, Schmidt C, Cosson P (1992) A Barycentre-
metric study of the sagittal shape of spine and pelvis: the
conditions required for an economic standing position. Ann
Biomed Eng 20(4):451-462. doi:10.1007/BF02368136

6. Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S,
Schwab F (2005) The impact of positive sagittal balance in adult
spinal deformity. Spine 30(18):2024-2029. doi:10.1097/01.brs.
0000179086.30449.96

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

. Jackson RP, Hales C (2000) Congruent spinopelvic alignment on

standing lateral of adult volunteers.

25(21):2808-2815

radiographs Spine

. Jackson RP, McManus AC (1994) Radiographic analysis of

sagittal plane alignment and balance in standing volunteers and
patients with low back pain matched for age, sex, and size. A
prospective controlled clinical study. Spine 19(14):1611-1618

. Jackson RP, Peterson MD, McManus AC, Hales C (1998)

Compensatory spinopelvic balance over the hip axis and better
reliability in measuring lordosis to the pelvic radius on standing
lateral radiographs of adult volunteers and patients. Spine
23(16):1750-1767

Jackson RP, Kanemura T, Kawakami N, Hales C (2000) Lum-
bopelvic lordosis and pelvic balance on repeated standing lateral
radiographs of adult volunteers and untreated patients with con-
stant low back pain. Spine 25(5):575-586

Jackson RP, Phipps T, Hales C, Surber J (2003) Pelvic lordosis
and alignment in spondylolisthesis. Spine 28(2):151-160

Kuklo TR, Potter BK, Schroeder TM, O’Brien MF (2006)
Comparison of manual and digital measurements in adolescent
idiopathic scoliosis. Spine 31(11):1240-1246

Labelle H, Roussouly P, Berthonnaud E, Transfeldt E, O’Brien
M, Hresko T, Chopin D, Dimnet J (2004) Spondylolisthesis,
pelvic incidence and sagittal spino-pelvic balance: a correlation
study. Spine 29(18):2049-2054

Labelle H, Roussouly P, Berthonnaud E, Dimnet J, O’Brien M
(2005) The importance of spino-pelvic balance in L5-s1 devel-
opmental spondylolisthesis: a review of pertinent radiologic
measurements. Spine 30(6 Suppl):S27-S34

Landis RJ, Koch GG (1977) The measurement of observer
agreement for categorical data. Biometrics 33:159-174. doi:
10.2307/2529310

. Legaye J, Duval-Beaupére G, Hecquet J, Marty C (1998) Pelvic

Incidence: a fundamental pelvic parameter for three-dimensional
regulation of spinal sagittal curves. Eur Spine J 7:99-103. doi:
10.1007/s005860050038

Lenke LG, Betz RR, Bridwell KH, Clements DH, Harms J, Lowe
TG, Shufflebarger HL (1998) Intraobserver and interobserver
reliability of the classification of thoracic adolescent idiopathic
scoliosis. J Bone Joint Surg Am 80(8):1097-1106

Mac-Thiong JM, Labelle H, Berthonnaud E, Betz RR, Roussouly
P (2007) Sagittal spinopelvic balance in normal children and
adolescents. Eur Spine J 16(2):227-234

Meyerding HW (1931) Spondylolisthesis. J Bone Joint Surg
13:39-48

Richards BS, Sucato DJ, Konigsberg DE, Ouellet JA (2003)
Comparison of reliability between the Lenke and King classifi-
cation systems for adolescent idiopathic scoliosis using
radiographs that were not premeasured. Spine 28(11):1148-1156
Roussouly P, Gollogly S, Berthonnaud E, Dimnet J (2005)
Classification of the normal variation in the sagittal alignment of
the human lumbar spine and pelvis in the standing position. Spine
30(3):346-353

Roussouly P, Gollogly S, Berthonnaud E, Labelle H, Weiden-
baum M (2006) Sagittal alignment of the spine and pelvis in the
presence of L5—s1 isthmic lysis and low-grade spondylolisthesis.
Spine 31(21):2484-2490

Vialle R, Ilharreborde B, Dauzac C, Guigui P (2006) Intra
and inter-observer reliability of determining degree of pelvic
incidence in high-grade spondylolisthesis using a computer
assisted method. Eur Spine J 15(10):1449-1453

Vialle R, Ilharreborde B, Dauzac C, Lenoir T, Rillardon L,
Guigui P (2007) Is there a sagittal imbalance of the spine in
isthmic spondylolisthesis? A correlation study. Eur Spine J
16(10):1641-1649

@ Springer


http://dx.doi.org/10.1007/BF02368136
http://dx.doi.org/10.1097/01.brs.0000179086.30449.96
http://dx.doi.org/10.1097/01.brs.0000179086.30449.96
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1007/s005860050038

	Intra- and inter-observer reliability of determining radiographic sagittal parameters of the spine and pelvis using a manual �and a computer-assisted methods
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


